Abstract Few studies focused on the prevalence of scoliosis and involvement of the spine in patients with fibrous dysplasia (FD) of bone. We examined for FD involvement of the spine and scoliosis in 56 patients affected by FD of bone. Fifty patients were part of a cohort reported in a multicentric study on FD promoted by European Pediatric Orthopedic Society (EPOS) in 1999, and six were new patients. There were 30 females and 26 males (mean age 12.5 years; range 1-42 years). Twenty-three had monostotic FD, 9 polyostotic FD, and 24 McCune-Albright Syndrome (MAS). Scoliosis was observed in 11 cases of polyostotic FD and MAS (33.3%). In seven of the patients with scoliosis (63.3%) spine was involved by FD lesional tissue. FD lesions involved the thoracic or lumbar spine in all patients but one, where cervical spine was also affected. A correlation between scoliosis and either spinal (p \ 0.01) or pelvic lesions (p \ 0.05) and pelvic obliquity (p \ 0.01) was observed. Three of the 11 patients showed familiarity for scoliosis but in 2 of them spine was involved by FD. Scoliosis and spine involvement were never detected in monostotic FD. This study indicates that in FD patients with polyostotic disease (1) the prevalences of FD involvement of the spine and scoliosis are high enough to include spine in the clinico-radiographic survey of these patients, and (2) the involvement of the spine and pelvis by FD lesions and pelvic obliquity are important determinants in the occurrence of scoliosis.
Introduction
Fibrous dysplasia (FD) of bone is a genetic, non-inherited disease caused by somatic activating missense mutation of the GNAS gene [21] in which the normal bone-bone marrow organ is replaced by fibro-osseous tissue [2, 11] . FD represents approximately 7% of all benign tumor-like bone lesions and may affect the skeleton either in isolation (monostotic and polyostotic FD) or in variable combination with endocrine and cutaneous abnormalities (McCuneAlbright Syndrome, MAS) [1, 2, 11, 12, 21] .
Few studies have focused on FD involvement of the spine and on the prevalence of scoliosis in patients with FD. FD has been described in each segment of the spine, with the highest prevalence in the lumbar region [5, 8-10, 13, 15, 18-20, 22, 23] . Malignant sarcomatous transformation of FD of the spine has also been reported [14] . In the pivotal study by Leet et al. [15] , in which 62 patients with polyostotic FD were examined by bone scanning, the prevalence of FD involvement of the spine and scoliosis were 63 and 40%, respectively, and development of scoliosis was strongly correlated with the presence of FD lesions in the spine and with pelvic obliquity as well. However in that study, the cohort mainly included patients with a larger disease burden than those who are treated in the community at large. For this reason, we decide to determine retrospectively the prevalence of scoliosis and FD involvement of the spine in a series of 56 patients affected by FD of bone.
Materials and methods

Patients
Fifty-six patients (30 females and 26 males; mean age 12.5 years; range 1-42 years) affected by FD of bone were included in this study. Fifty patients were selected from the cohort reported in a multicentric study on FD promoted by the European Pediatric Orthopedic Society (EPOS) in 1999 [11] based on the availability of medical records and imaging material appropriate for the diagnosis of scoliosis and for the identification of FD lesions in the spine. The remaining six patients were new patients. Back pain, familiarity for scoliosis, ''cafè-au-lait spots'' and endocrinopathies were registered for the patients in which these information were available.
Diagnosis, magnitude, and progression of scoliosis
The patients clinically examined by the authors included 28 already published cases [11] and the six new cases. These patients underwent to a comprehensive anamnestic and clinical evaluation and radiographic analysis including standing postero-anterior and lateral radiographs of the spine and bone scan when either spine curvature or spine FD involvement were clinically suspected (Fig. 1 ). In the other (22 out of 56) already published cases [11] , retrospective material was reviewed and the diagnosis of scoliosis and FD involvement of the spine was based on the available clinical and imaging data. The types of curvature were established according to the traditional anatomically based classification, and the magnitude of the curvature by measurement of the Cobb angle [6] . When possible, radiographs were preferred to bone scan based on the wellknown underestimation of the magnitude of the curvature by the latter [15] . Pelvic obliquity was assessed by measuring the angulation between a line drawn along the top of the pelvis and the horizontal plane after appropriate balance of the lower limbs in those cases with leg length discrepancy.
In two patients with MAS, we had the opportunity to evaluate the radiographic progression of the curves. In both patients spine radiographs performed at the time of diagnosis of FD (4 and 10 years) were available. Radiographs were also obtained at the age of 12 and 23 in the first patient and at the age of 18 and 25 in the second.
Statistical analysis
For all patients with polyostotic FD, we analyzed the association of scoliosis with FD lesions in the long bones of the lower limbs, pelvis, and spine, and with pelvic obliquity. In addition, we analyzed the association of FD involvement of the spine with the involvement of other skeletal segments. The analysis was performed with the Fisher exact test. A probability level of 5% was used to establish significance of differences.
Results
The clinical characteristics of the patients included in this study is summarized in Table 1 . Twenty-three patients were affected by monostotic FD (41%), 9 by polyostotic FD (16%) and 24 (43%) by MAS. Of the 56 patients, 53 were younger than 30 years old at the time of diagnosis of FD (Fig. 2) . Back pain was not reported by patients with monostotic FD. Among the patients with polyostotic disease, back pain was reported only by those patients with FD involvement of the spine.
In all patients with monostotic FD, clinical evidence of scoliosis was absent. The FD lesion involved the femur in 14 patients, tibia in 4, humerus in 2, and clavicle, mandible, and rib, in 1 patient each.
The skeletal segments involved in patients with polyostotic FD are summarized in Table 2 . None of these patients showed pelvic obliquity. In one female patient (Table 3 ; #1), in which the diagnosis of polyostotic FD was made at the age of 18, scoliosis was clinically suspected at the age of 39. A radiograph revealed scoliosis with a lumbar curve L1-L5 of 20° (Fig. 3a) . Extensive FD involvement of the cervical-thoraco-lumbar spine was detected by bone scan and MRI (Fig. 3b) .
The skeletal segments involved in patients with MAS are summarized in Table 2 . Spine FD involvement was observed in 6/24 patients. ''Cafè-au-lait spots'' were present in all the patients in which clinical evaluation was possible (16 patients). The most frequent endocrinopathy was precocious puberty (10 patients). Scoliosis was diagnosed in 10/24 patients with MAS (Table 3: #2-#11). Six of these patients showed FD involvement of the spine and in five of them the involved vertebrae were within the curve. In two patients (Table 3: #3 and #9), thoracic hyperkyphosis was detected on lateral radiographic view. Scoliosis was thoraco-lumbar in four patients (two without spine FD and two with spine FD), thoracic in four (all patients with spine FD), double thoracic in one (without spine FD) and lumbar in one (without spine FD). Five patients showed pelvic obliquity due to scoliosis and lower limb inequality determined by tibia and femur FD affection. In three of the MAS patients with scoliosis familiarity for this condition was observed (Table 3: #2-#4). In two of them (66.6%), however, the spine was affected by FD.
In two patients with MAS diagnosed at the age of 10 and 4, respectively (Table 3: #3 and #9), we had the opportunity to evaluate the progression of the scoliosis. In both cases, in which the most severe curves of this series were observed (T4-T10 55°/T11-L5 80°and T4-T10 100°/T11-L5 100°), FD involvement of the spine was documented by bone scan. Of note, in both cases the scoliosis progressed during skeletal growth and after its cessation as well (Fig. 4) .
Analysis of the patients with polyostotic disease (PFD and MAS) included in our series revealed that the prevalence of scoliosis was 33.3% (11 patients out of 33), that the spine was involved with FD lesions in 21.2% (7 patients out of 33) and that scoliosis and FD involvement of the spine were associated with one another in 63.6% (7 patients out of 11) (Table 4) . Scoliosis was significantly Fig. 1 Clinical pictures (a, b) showing a patient with MAS in which scoliosis was suspected and confirmed by posteroanterior radiographic examination of the spine (c). Three cafè-au-lait spots are located along the posterior midline (a). The angle of Cobb, measured on the posteroanterior radiograph was T2-T10 15°. By bone scan (d) spine FD involvement can be detected but the diagnosis of scoliosis and, in particular, measure of its magnitude are hard to be established more frequent in patients with FD involvement of spine compared to patients without (100 vs. 15.3%, p \ 0.01) and in patients with FD involvement of the pelvis (47.8 vs. 0%, p \ 0.05) and pelvic obliquity compared to patients with horizontal pelvis (100 vs. 21.4%, p \ 0.01). In addition, FD involvement of the spine was significantly more frequent in patients with FD involvement of skull (37.5 vs. 5.8%, p \ 0.05) and pelvis (30.4 vs. 0%, p = 0.05) compared to patients without.
Of the 11 patients with scoliosis, one (Table 3: #2) was surgically treated by instrumented spinal fusion. This patient was affected by MAS, and showed a double thoracic curve not associated with spine FD involvement. Three years after surgery the clinical and radiographic outcome is still excellent. Scoliosis was not treated in the other 10 patients because deformity was mild (Table 3: #1, #4-#8, #10, #11) or the surgical procedure was considered unsafe for cardiopulmonary problems (Table 3: #3 and #9).
Discussion
Our study confirms recent data that indicated that the involvement of the spine by FD lesions, and scoliosis in patients with FD, are both more common than previously appreciated. Interestingly, based on the data from our series, both spinal involvement and scoliosis occur only in polyostotic FD/MAS. In fact, none of the 23 patients with monostotic FD had either scoliosis or involvement of the spine. This finding is in keeping with data in the literature, indicating that the prevalence of spinal involvement in monostotic FD is extremely low [9] . In our study, the prevalence of scoliosis in patients with polyostotic disease was 33.3% (11/33 patients) and that of FD involvement of the spine was 21.2% (7/33 patients). These values were much lower compared to those reported by Leet et al. [15] . The greater prevalence of both FD involvement of the spine and scoliosis in the study by Leet might be due to inclusion of patients with larger disease burden in this series compared to ours, which more directly reflects the characteristic of unselected patients that are seen and treated in the community at large. However, the analysis of our data confirms the greater frequency of scoliosis in patients with FD involvement of the spine and with pelvic obliquity previously reported. In addition, we found that scoliosis was significantly more frequent in patients with FD involvement of the pelvis compared to patients with uninvolved pelvis. Compared to the study of Leet et al. [15] , in which no association was found between FD of the spine and FD lesions in other skeletal segments, we found that FD involvement of the spine is more frequent in patients with FD lesions in the pelvis and, in particular, in the skull. This finding suggests that involvement of the spine may occur as part of a distinct axial pattern of lesion distribution across the skeleton. Several studies have shown the familial nature of idiopathic scoliosis supporting the concept that a genetic component plays a role in its development [3, 7, 14] . Based on data from our series, familiarity was observed in 3 of the 11 patients with scoliosis with a prevalence (27.2%) comparable to that of general population [17] . Because the prevalence of scoliosis in polyostotic FD is much greater than that in otherwise normal children and adolescents, in which it has been estimated to be lower than 3% [4, 16] , FD might play an additive role in the development of scoliosis in those FD patients in which familiarity for scoliosis does exist, but the numbers of this study do not allow a final statement.
The natural history of the spinal pathology in FD is unknown because no prospective study has been published. In two MAS patients of our series, we observed a rapid progression of the curves occurring during skeletal growth and after its cessation. The extensive FD involvement of the spine in both patients suggest that FD-dependent vertebral shape changes and spine deformity may contribute to the progression of the curves after the end of skeletal growth as well when FD lesions are notoriously thought to stop their growth [2] . Obviously, the analysis of larger series of patients are mandatory to confirm this view.
One of the main problem in patients with spine FD and scoliosis regards the opportunity and feasibility of surgical treatment. Because in our series, only one of the 11 patients with scoliosis was surgically treated, a final statement cannot be definitely established.
Our data confirm that scoliosis is an important clinical feature in the spectrum of FD with polyostotic bone involvement. For this reason, patients with polyostotic FD need to undergo appropriate clinico-radiographic investigation for FD involvement of the spine and scoliosis. Bone scan and radiographic examination of the spine in both postero-anterior and lateral projections must be included in the evaluation of each FD patient with polyostotic involvement. Once the diagnosis of scoliosis and/or spine FD involvement is made, each individual FD patient should be closely monitored to evaluate progression of scoliosis and to establish the feasibility of a surgical treatment.
Acknowledgments The authors wish to thank Edward W. Bray (Shriners Hospitals, Greenville, South Carolina, USA), Ulrich G. Table 3 ). At the age of 10 (a), scoliosis is absent. At the age of 18 (b), scoliosis was present with curves measuring T4-T10 36°and T11-L5 50°(b). At the age of 25 (c), scoliosis is significantly worsened with curves measuring T4-T10 55°a nd T11-L5 80°and both thoracic and lumbar vertebral bodies are markedly deformed 
